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ABBTRACT 



The specification describes a counter- current two 
stage process for recovering metal values from a metal 
5 sulphide. The process involves leachlag a metal sulphide 
ore or concentrate in sulphuric acid in the presence of 
ferric ions at atmospheric pressure and elevated 
temperature whilst * sparging with oxygen. Fresh sulphuric 
acid is added to the second stage idiilst the ore or 
10 concentrate is etdded to the first stage. Xieaohate from the 
second stage is recycled to the first stage. 

The process is suitable for extracting sine 
values from zinc sulphides. 
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PROCHSS FOR RBCOVgRIHO MgCMt VM.PB8 

The present iavention provides a process for 
recovering metal values f ron metal sulphide ores or 
5 concentrates and is particularly suitable for recovering 
sine values from sine sulphide ores or concentrates. 

Historically sine metal producing smelters had 
been sited to take advantage of low cost energy and 
transport. Little or no consideration was given tp 
10 handling emd disposal of waste products such as slag« 

jarosite, effluents, fugitive omissioDs of sulfur dioxide 
gas and dusts containing metals such as lead, cadmium and 
mercury. In more recent tines ijaproved environfflental 
considerations have resulted in very high costs to 
15 established smelters as these issues have had to be 
addressed. 

Zinc mines on the other hand are almost always 
located in remote and relatively unpopulated areas. 
Disposal of residues at the mine site is better for both 
20 environmental and economic reasona. The changed teims of 
business for zinc metal smelting therefore would favour 
shifting finished metal production to the minesite. The 
state of the art however does not allow this for several 
technical and economic reasons which are as follows > 
25 • Cosomon practice of roasting zinc sulfide and 

producing sulfuric aoid as a saleable byproduct is 
uneconomic due to the remote location of the mine. 
Alternative sulfur fixation processes are also 
uneconomic . 

30 • Limited mine lifetime restricts the size of the 
smelting plant, reducing economies of scale. 

• Bydrosnetallurgy can be used to produce elei&ental 
sulfur instead of sulfuric acid, but existing 
technology is not suited for mine sites, often 

35 needing to be integrated with smelters to be 

practical . 

• Technology for produoing metals like copper and 
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nickel at mine sites exists but uses solvent 
extraction/electrowinnizig (SX/iSff) . Solvent 
extraction for zinc is technically oiuch more 
difficult and can only be used in special 
5 circumstances. 

In addition to these limitations there is a need 
•for a mine site compatible process to recover zinc from low 
grade feed materials. Flotation is used for recovering 
zinc sulfide from ore« but this process often is able to 
10 recover only 70-80% of the zinc into a form able to be 

treated at conventional sine EBoelters. There is a need to 
recover the other 20-30\ of zinc now lost into the mine 
tailings dam. It would be uneconomic and inpraetioal to 
transport such material to a remote dedicated smelter for 
15 treatment, and disposal of residues from such a smelter 
would be prohibitive when treating such a low grade of 
feed. 

The specifications of US Patent Nos. 4676828, 
4606763, 4505744, 4440569 as well as the apecification of 
20 the International Patent Application published under the 
number WO 94/21830 describe processes for direct leaching 
of zinc sulfide materials. The specification of US Patent 
4676828 describes the Vieille-UOntagne direct leach 
process, ^rikich has the following features: 
25 • Two stage leaching, with the 1st stage under 

pressure leaching conditions <ie high pressure, and 
a temperature ahove the melting point of sulfur) and 
a 2nd stage at atmospheric pressure, <105^C with 
oiqrgen sparging. The 1st stage solution contains 
30 20-60 g/L HaSO^, 1-5 g/L Pe'* and is integrated into 

a conventional electrolytic zinc circuit. The 2nd 
atmospheric pressure stage produces solution 
containing 35-160 g/L B3SO4 and 2-3 g/L Fe'^ which is 
fed to the 1st stage. 
35 • Possible extension to a third stage producing 

solution containing 4-B g/L B2SO4 and 1-2 g/L Fe'*. 
• Integration with an eacistlng electrolytic sine 
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oircalt Is required, stand alono Qperstioo is not 
claimed. Naxinrnm treataent of sine concentrate is 
claimed to be 7 5- 8 OH of the total, the rest 
requiring comrentional roasting. 
5 • Flexible feed requirements are claimed, in respect 
of the amount of sine concentrate treated as a 
proportion of the total, og from 30-60% the 
remainder being roasted. Flexible feed grade is not 
claimed. 

10 • After leaching, stages of neutralisation using 

calcine, goethite precipitation, purification using 
zinc dust, and electrotfinning of the sine are 
included in the claims. 

The specifications of US Patent Hos. 4606763, 
15 4440569 and 4505744 as wall as that of the International 
Patent Application pxiblished under nuaber WO 94/21830 
describe the Sherritt-Comlnco process for pressure leaching 
sine sulfide containing materials, particularly the two 
stage pressure leach presently being used by Budson Bay 
20 Mining & Smelting. The process described particularly in 
the specification of the International Patent Application 
published under nunber WO 94/21830 and the specification of 
US Patent No. 4505744 disclose the following features: 

• Counter^current two stage leaching of sine sulfide 
25 containing material in two pressure leach autoclaires 

sparged fay oxygen. High pressure and temperature are 
used, ie. above the melting point of sulfur. 

• Treating the product solution with zinc oxide, 
limestone or related materials, with sparging by 

30 oaorgsn to precipitate iron as goethite and 

neutralise residual acid. 

• Purifying the solution using zinc dust and 
electrowlnning the zinc. 

• Specific mention that the process is suitable for a 
35 'greenf ields' or stand alone application. 

Both the Vieille-Kontagne direct leach process 
and the Sherritt-Comineo direct leach process fail to meet 
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all th» neods previously idontified; In particularf the 
viaille-nontagne process Is not a stand-alone process and 
is therefore not applicable for use at a ainesite. 
FurtherxDore it does not appear to be applicable to low 
5 grade feed materials. 

Although the Sherritt-Cominco sine pressure 
leaching process may be used as a stand-alone process. It 
is geared to large scale operations and conventional 
concentrates. The need for pressure vessels probably 

10 renders the Sherritt-Coninco process uneconomic for 
location at all but the largest sine ore resources. 

The present invention seeks to provide a process 
that meets the previously identified needs. 

Accordingly, the present invention provides a 

15 process for recovering metal values from a sulphide ore or 
concentrate, the process including the steps of leaching in 
a first leaching stage, a metal sulphide ore or concentrate 
in sulphuric acid at atmospheric pressure and elevated 
temperature in the presence of ferric ions whilst sparging 

20 with oxygon containing gas to produce a first leachate and 
a first residue, separating the first leachate from the 
first residue, leaching the first residue in sulphuric acid 
at atmospheric pressure and elevated tenparature in the 
presence of ferric ions whilst sparging with oxygen 

25 containing gas to produce a second leachate and a second 
residue, separating the second leachate from the second 
residue, recycling the second leachate to the first stage 
and recovering metal values from the first leachate. 

The process is particularly useful for recovering 

30 sine values from zinc sulphide ores or concentrates but may 
also be used for recovering metal values from other metal 
sulphides such as nickel sulphide. 

Iron, arsenic, antimony and other impurities may 
be removed from the leachate toy injecting an oscygen 

35 containing gas into the leachate at elevated temperature 
whilst maintaining the pHjs (PB measured at 25°C) of the 
leachate in the range from 2.5-5.5 and preferably in a 
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range from 3-5. oador those eoaditions« Iron preoipitates 
as goethite. Preferably/ the leaehate le maintained at a 
tempera turo in the range betveen 55 and and preferably 

70 to dO^'C during goethite precipitation. 
5 Other iapvrities such as copper* cobalt^ nickel 

and cadmium may be removed from the leaehate by cementation 
using xinc dust. The zinc dust may be activated with 
antimony or arsenic coavounds. During cementation, the 
leaehate is agitated and the temperature maintained in a 

10 range from 70 to 90''C and preferably 80 to SS'C. 

In the case of zinc sulphides, zinc may be 
recovered from purified leaehate by conventional 
alectrowinoing processes. 

Preferred embodiments of the invention are 

15 described with reference to a flow diagram shown in Figure 
1. 

The flowsheet consists of 4 sections s 

• A counter-current leaching stage operated at 
atmospheric pressure and <100^C. 

20 • An Iron precipitation stage where goethite (PeOOH) 

is precipitated using oi^gen containing gas sparging 
and limestone or lime neutralisation. 

• A purification stage using sine dust. 

• Elect rowinnlng of the tine metal via conventional 
25 methods. 

The features of each stage are discussed below. 
Leaching is carried out in two counter- current 
stages. Feed solids containing zinc sulfide may be of any 
grade and composition, but preferably fall into the range 

30 10-60% zn. The solids are added to the first stage of 

leaching, consisting of one or more agitated tanks. Oxygen 
containing gas is injected into one or more of the leach 
tanks, which may operate at a temperature between 75®C and 
the boiling point but preferably operate at 85-100*C. The 

35 first stage of leaching may have a residence time of 0.5-24 
hours, preferably 0.5-4 hours. Part of the sine sulfide is 
leached in the first stage and the leach solution is 

\\Ml^tlluUaMS\taln\Ka^\^Mil\ra«CU Ce^rta.dM 13/13/00 
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coBditiosed for faediaa to the Ooethite Precipitation 
stage. Partly leached solids are separated for exanple 
using a thickener and are sent to the second leach stage. 
Sufficient solution is also sent to the second leach stage 
5 to assure appropriate operatisg coaditioas, for eicaaple 
acidity. The leach solution may contain Pe^* 0-30 g/L, Pe^*^ 
5-50 g/L, HiSOi 0-30 g/L and Zn 50-160 g/L preferably Pe^* 
0-10 g/Ii, Fe'* 5-30 g/L, HaSOi 0-30 g/L and Zn 130-150 g/Xi. 
The second stage of leaching is fed partially 

10 leached solids plus sufficient first stage leach solution 
to maintain appropriate composition in the second stage 
leach tanks. Spent electrolyte typically containing HaS04 
150-200 g/L, Zn 40-70 g/L and preferably B28O9 160-170 g/L, 
Zn 50 g/L is added to the tanks, preferably to the first 

15 tank. Additional sulfuric acid may also be added to 
maintain the sulfate balance. The second stage leach 
consists of one or more agitated tanks, preferably 4 in 
series, operating at a temperature between 75"C and the 
boiling point, preferably 85-100°C. The second stage of 

20 leaching may have a residence time of 1-36 hours, 

preferably 1-24 hours. Oivffe& containing ffas is injected 
into one or more of the tanks. Extraction of sine from the 
solids is completed by the end of the second stage of 
leaching, preferably with >95% zinc leached. The residual 

25 solids are separated from the leach solution, which is fed 
to the first leaching stage. Second stage leach solution 
may contain Pe'* 1-50 g/L, Pe'* 5-50 g/L, H26O4 10-50 g/L and 
Zn 50-160 g/L preferably Pe'* 10-25 g/L, Pe^* 10-25 g/L, 
H2SO4 10-35 g/L and Zn 60-130 g/L. Sei>aration of the 

30 residual solids nay be effected using a thickener and/or a 
filter, zt may be appropriate to recycle some of the 
residue solids back into the second stage of leaching to 
act as a seed. Seeding Is a well practised art and is 
known to improve both precipitation and solids handling 

35 properties. Washing of the solids with water may be used 
to recover entrained zinc. The solids, which contain 
elemental sulfur, pyrite, lead sulfate, jarosites, and 
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silver aay be further proceseed to recover metal values. 

Zieaching of sine and other sulfides in the feed 
material is thought to be effected by ferric sulfate. 
Ferric ions are regenerated by reaction of ferrous ions, 
5 oxygen and acid. The reactions may be represented ass 

ZnS + ape'* -> Zn'* ♦ 2Fe»* ♦ l/8St , 

4Pe'* 4- 4> O3 4Pe^* ♦ 2H3O 

10 

Leaching of iron may be minimised by facilitating 
precipitation of jeurosites in the second stage of leaching 
or by treating feed materials containing iron mostly in the 
form of pyrite. Hydronium jaroalte may be precipitated by 

15 maintaining suitable conditions of acidity, Pe'* 

concentration and temperature. Other jaroaites may be 
precipitated hy addition or leaching of appropriate 
species, for example Na*, IC^, 1IH«*. 

Goethite precipitation was effected by injecting 

20 oivgan containing gas into a series of agitated tanks 

operated at 55-95°C« preferably 6O-90°C. Limestone or line 
is added to control pHjs to 2.5-5.5, preferably 3.0-5.0. 
Precipitation of goethite may be used to purify the leach 
solution of iron, arsenic, antimony and other impurities. 

25 Separation of the solids from the purified solution may be 
effected by a thickener and/or a filter. Washing of the 
filter cake with water can be used to recover entrained 
zinc* The composition of the product solution may be 100— 
160 g/L Zn, <100 mg/L Fe, <5 mg/L As, <5 mg/L 8b, 

30 preferably 130-150 g/L Zn, <25 mg/L Fe, <1 mg/L As, <1 mg/L 
Sb. 

Solution from the goethite stage was further 
imrified by cementation using zino dust. The cementation 
stage may be operated in batch or continuous mods. Zinc 
35 dust may be activated with antimoz^ or arsenic compounds. 
Activated sine dust was used to remove impurities such as 
Cu, Co, Hi and Cd. The cementation stage employs agitated 
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tajika wad may be operated over a vide range of conditions » 
but preferably from 70*C to 90**Cf and more preferably 
eo-SS^C. A second stage of zinc dust addition may be 
included to improve reooval oC elements such as Co and Cd. 
5 The ooQposition of the product solution nay be 100-160 g/L 
Zn, <100 sg/L Fe, <2 ng/L Cu, <1 mg/L Co, <1 mg/L Nir <5 
mg/L Cd, preferably 130-150 g/L Zn, <10 mg/L Pe, <0.5 mg/L 
Cu, <0.6 ng/L Co, <0.5 mg/L Ni, <1 ng/L Cd. 

Purified solution is subjected to electrowinning 

10 according to well known art. For exanple this includes 
electrowinning from recirculating electrolyte containing 
170 g/L HaSO*, 55 g/L Zn and 5 g/L Mn. Electrowinning is 
coamonly effected using aluminiua cathodes and lead- 
silver alloy anodeSf at a temperature of 37-41*'C with a 

15 current density of 450-750 Am''. Surface active agents 

which are usually organic compounds, antimony and strontium 
c€u:bonate may be added to ioprove zinc deposition and to 
minimise acid mist generation. Cathode sine deposits may be 
stripped at intervals of 16-72 hours by manual or automatic 

20 means. The quality of the zinc typically meets High Grade 
(HQ) or Special High Grade (SHG) standard. 

The invention differs from prior art in several 
respects. These include t 

• A)>ility to operate stand-alone at a mine site. No 
25 materials are required other than those coaamonly 

available to sine 8ul£ide mine sites, and production 
of zinc metal of acceptable grade may be achieved 
without integration with an established smelter. 

• Flexibility to treat a wide range of zinc containing 
30 materials, for eacample containing up to 60% Zn, 

2-35% Fe, 0-20% Pb. All comnon inpurities may be 
handled without special consideration. 

• Suitability for small scale operations. The prior 
art processes require use of pressurised leaching 

35 vessels such as autoclaves, which are not suited to 

small scale or short lifetime applications. 

• An ability to integrate sine metal production better 

\\iMll^iilM\lMMitUaiM«lM|ptqMei\l)0«ilI CBWlaU.dM 11/11/M 
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with mine operations to increase overall line 
recovery from ore to metal. 

• No production of hasardous or harmful gases, such as 
SO), and all residues and wastes may be inteflrrated 

5 with existing mine site residues. For exanple by 

siting metal production at the mine, leach residues 
may be blended with mine tailings or returned 
underground. 

• The process of the present invention does not 

10 require high temperature or pressure «uid does not 

require apecial procedures to cope with molten 
elemental sulfur. 

Sxaaples that further illustrate preferred 
embodiments of the invention follow. 

15 

Example 1 Two stage counter current batch leaching of 
conventional sine concentrate 
1.5 litres of solution containing 16 g/L Fe^*, 10 
g/L Fe'*, 23 g/lt H2SO4 and 139 g/L Zn was heated in a 

20 baffled reactor to 95^C and 100 g of dried sine concentrate 
containing Zn 47%, Fe 10%, Fb 3% added with agitation using 
a Rushton type turbine at 800 e'^. Oxygen gas was injected 
under the agitator at 100 mL/min. Agitation was maintained 
for 2 hours, after which time the gas sparging was turned 

25 off, flocculant added and the slurry allowed to settle in 
the reactor. A small pump was used to withdraw 420 mL o£ 
supernatant solution, which was replaced by 420 mL of spent 
electrolyte containing 172 g/L B38O4 and 50 g/L Zn, and an 
additional 20 mL of 98% sulfuric acid. Agitation and oiQrgen 

30 sparging is restarted and continued for 21 hours at 95*'C. 
The slurry is filtered and the residue washed with excess 
water. Analysis of the dried leach residue showed it to 
contain 0.9% Zn, 8% Fe, 4% Pb. The 420 mL of solution 
withdrawn after 2 hours contained 2 g/L Fe'^, 36 g/L Fe'^, 

35 16 g/L HaSOt and 160 g/L Zo. The final solution contained 
13 g/L Fe^\ 8 g/L Fe^\ 55 g/L H3SO4, and 158 g/L Zn, Zinc 
extraction from feed was calculated to be 99%. 
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Bxaaple 2 : Two Btage counter ^current batch leaching of low 
grade »inc concentrate 

1.5 litres of solution containing 27 g/h Fe'*, 9 
5 g/L Fe'*, 31 g/h B38O4 and 130 g/h Zn was heated In a 

baffled reactor to 95^C and 340 g of dried zinc concentrate 
containing Zn 15%, Fe 30%, Pb 3% added with agitation using 
a Rushton type turbine at BOO s'^. Qivgen aas was injeoted 
under the agitator at 100 aL/fflin. Agitation was aaintained 

10 for 2 hours, after which tine the gas sparging was turned 
off, flocculant added and the slurry allowed to settle in 
the reactor. A small paap was used to withdraw 420 mL of 
supernatant solution, which was replaced by 420 mL of spent 
electrolyte containing 172 g/L H2SO4 and 50 g/L Zn, and an 

15 additional 20 mL of 98% sulfuric acid. Agitation and oxygen 
sparging was restarted and continued for 21 hours at 95*'C. 
The slurry was filtered and the residue washed with excess 
water. Analysis of the dried leach residue showed it to 
contain 0.2% Zn, 31% Fe, 6% Pb. The 420 mL of solution 

20 withdrawn after 2 hours contained 10 g/L Fe'*, 30 g/L Fe^% 
12 g/L HaSOi and 150 g/L Zn. The final solution contained 
27 g/L To**, 16 g/L Fe^* , 36 g/L H2S0« and 144 g/L Zn. Ziao 
extraction from feed was calculated to be 99%. 

25 Bxanple 3 : Two stage counter-current continuous leaching of 
low grade zioc concentrate 
A continuous pilot plant assembly with a first 
stage consisting of a single 70 L tank and 30 cm diameter 
thickener followed by a second stage consisting of a 70 L 

30 and 3 X 180 L tanks (respectively Tanks 1-4) and a 30 cm 
diameter thickener was asseinbled. The tanks were arranged 
in a cascade such that the second stage tanks could 
overflow from one to the next, and the second stage 
thickener could overflow to the first stage tank. 

35 The pilot plant was commissioned and operated for 

4 days. The low grade zinc concentrate containing 24% Zn, 
28% Fe, 3% Pb was pumped steadily into the first stage tank 
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at 66 mL/ain as a 720 g/L slurry 1& sino suXfato solution. 
Spent electrolyte containing 170 g/h B28O4 and 50 g/L 2n 
was fortified to 254 g/L H2SO4 using 98% sulfuric acid and 
was pujgped into the initial second stage tank at 108 
5 nL/min. Oxygen gas was sparged below the agitator ot each 
temk, ^ich was held at 95°C. Utiderflow from the first 
stage thickener was piuqped to the initial tank of the 
second atage at 280 laL/min. Water at 83 nL/min was pumped 
to TanKs 2 and 4 to make up £or evaporation. Second stage 

10 thickener underflow was pumped out at 110 mL/min. 5 mL/min 
of flocculant solution was pumped to each thickener. 

After 3 days of operation the pilot plant reached 
stea^ state. After 4 days the dry washed leach residue was 
found to contain 0,5% Zn, 21% Fe, €\ Pb, which corresponds 

15 to a zinc extraction of 99%. The composition of first stage 
thickener overflow was 7 g/L Fe'^, 25 g/L Pe'^, 12 g/L HaSO*, 
153 g/L £n. ^e ccooposition of second stage thickener 
overflow entering the first stage leach tank was 24 g/L 
Fe'*, 8 g/L Fe'*, 27 g/L HaSO«, 131 g/L Zn. 

20 

KJcample 4 » Continuous goethite precipitation using 
limestone 

A continuous pilot plant assembly consisting of 1 
z 50 L and 3 x 12 L agitated temks was assembled in a 

25 cascade such that the tanks could overflow from one to the 
next. Solution obtained from the leach pilot plant 
described in Example 3 was pumped into the first tank at 
100 mL/min. Limestone slurried in zinc sulfate solution was 
pumped to the first and second tanks tmder computer control 

30 to pB 4 and 4,7 respectively r measured at 25^C (pBu) . Hater 
was pumped to the first tank at 25 mL/min to make up for 
evaporation. Air was sparged into each tank below the 
agitators, which were of the Rushton design and operated at 
400-500 fl'^. Teaaperature was maintained at 90°C in each 

35 tank. Produced goethito slurry was collected in a storage 
tank. Total residence time was approximately 9 hours. The 
goethite precipitation pilot plant was operated 
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continuofusly for 30 hoars* and reached steady state after 
24 hours* At that time the pB in the 4 tanks was 3.7, 4,7, 
4.1 and 4.0 respectively. Con^altion of the feed solution 
was 146 g/L Zn, 29 g/L Pe« 0.5 g/L Cu. Composition of the 
5 product solution was 144 g/L Zn, 0.05 g/L Fe, 0.2 g/L Cu. 



Batample 5 ; Batch zinc dust purification 

A 1.5 L batch of solution obtained by filtering 
goethite slurry produced during operation of the pilot 

10 plant described in Bxanple 4 was heated to 85**C in a 3 L 
baffled vessel. Nitrogen gas was bubbled into the solution 
at 30-50 i&L/inin to displace atmospheric ojvgen. U^n 
reaching tenperature 24 ng of potassium antiBKsny tartrate 
was added followed shortly by 7.5 g of coarse sine dust. 

15 Agitation was continued for 30 minutes then the slurry 
filtered using a vacuum filter. Composition of the feed 
solution was 170 mg/L Cu, 240 mg/L Cd, 17 mg/L Co, 3 ma/h 
Nl, 15 mg/L Fe. Composition of the purified solution was 
<0.1 mg/L Cu, 0.1 mg/L Cd, <0.1 mg/L Co, 0.6 mg/L Ni, 7 

20 mg/Ii Fe. 



Bxample 6 i Eleotrowinning 

A batch of 3.5 L of purified solution doped with 
surface active agents, potassium antimony tartrate and 

25 strontium carbonate, was continuously pumped at 1.0 mL/min 
into a small electrolytic cell containing 650 mL of spent 
electrolyte of composition 170 g/L H3SO4 and 50 g/L Zn* 1!lxe 
cell contained a 5.5 x 12 cm aluminium cathode and 2 
similarly sized 0.6%Ag/Pb anodes. Solution overflowizig the 

30 cell from an exit spigot was collected in a storage vessel. 
A direct current of 6.5 A was applied to the cell. 
Temperature was maintained at 37*'C. Composition oC the feed 
solution was 153 g/L Zn, 10 ng/L Fe, <0.1 mg/L Cu, <0.1 
mg/L Cd, 1.5 mg/L Co, .0.1 ng/L Vi, U. 6g/L Kn. After 

35 operation for 43 hours the cathode was removed from the 
cell and the sine deposit water washed and manually 
stripped. The weight of the cathode was 270 g. 



15- 



- 14 



corresponding to a current efficiency of 79%. The 
conposition of the cathode deposit was 6 ppo re, 2 ppm Cu, 
1 ppn Cd, 1 ppn Co« <1 ppm Ri, 30 ppo Fh* 



5 BKagple 7 t Integrated continttoiie pilot plant leaohing 
of low grade «inc concentrate 
The counter-current leach pilot plcmt described 
in Example 3 was augmented by a goethite precipitation 
stage consisting of 1 x 50 L and 4 x 12 L agitated tanks, a 
10 cementation stage consisting of a single 150 L capacity 
conical bottomed batch agitated tank and an electrolytic 
cell equipped with one industrial else aluminium cathode of 
90 X 55 cm and two 0.6% Ag/¥b anodes of sl^lar else. The 
cell was cooled using recirculated cooling water and a 
15 water Jacket. The fully integrated pilot plant was operated 
continuously for 21 days. Conditions are summarised below: 



Leaching t two stage counter current at 9S^C, oxygen 
sparging to all tanks, spent electrolyte at 100 mL/min to 

20 Tank 1 fortified from 170 to 210 g/L B3SO4, feed solids at 
19-24% 2n, 24-30% Pe and 2-3% Pb pumped to the first leach 
stage at 58-72 mL/min as an 800 g/L slurry in reoyoled 
leach solution. Approximate residence times for the first 
and second leaching stages were 3 and 19 hours 

25 reepectively. Leach residue was accumulated and filtered 
and washed using a recessed plate filter press, with 
filtrate and wash water returned to the leach. 

Ooetbite preclpltationi 5 tanks In series at SS'^C, oxygen 
30 sparging to all tanks, linestone slurried in recycled 

goethite solution and pumped to Tank 1 and 2 under coonputer 
control respectively to pHas 4.0 and 4.8. Goethite slurry 
was accumulated and filtered and washed using a recessed 
plate filter press. Wash water was returned to the leach or 
35 goethite precipitation stage. 



Cementation: 1 batch tank operated once per day. The batch 
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tank was charged with goethite solution and heated to 80®C. 
The batch vessel was equipped with a nitrogen gas bubbler 
to displace dissolved oaiygen £rom the solution. With 
agitation 16 mg/L o£ potassium antimony tartrate was added 
5 followed by 5 g/L o£ coarse sine dust. After 30 minutes the 
slurry was filtered through a small plate and freutke filter 
press. The filtrate was analysed to determine whether 
quality was acceptable for electrowinnlng, and if so was 
puaped to the cell feed stock tank. If quality was not 
10 acceptable the solution was subjected to a repeat of the 
batch cementation. 



Blectrowinningt Solution doped with surface active agents 
and antimony as potassium antimony tartrate^ cmd was fed 

15 continuously into the cell at 100 mL/min. Strontium 

carbonate was pumped into the cell as a slurry in water. 
Current was controlled to maintain spent electrolyte 
acidity at 170 g/L, and was usually in the range 450-500 h* 
Cell voltage was 3.2V and temperature maintained at 

20 37-39'^C. The single cathode was removed after each 48 
hours, stripped of zine# water washed and scrubbed and 
returned to the cell. Current efficiency was typically 
91-94%. Spent electrolyte exiting the cell via an overflow 
spigot was accumulated in a storage tank before being 

25 fortified with acid and punpad to the second leach stage. 



Composition of various streams are given in Table !• 
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TABLB 1 
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10 


>9».99 


0.0005 


0.0020 











Although this Invention is primarily for mine 
5 site use it is also suitable for installation at a standard 
zinc faydromQtallurgioal smelter^ either as an eiipanaion to 
an existing smelter or as a replacenant for some of the 
existing operations. 



10 



\\Mlb_fllM\b«MS\LyiM(KM»\lpMlVPO«flI COiVl*t*'dBC 11/U/C9 



-18- 



- X7 - 



• • • 
• 

•••• 



TBB CIAXnS SBFXHINO TBB ZNVBB1TZ(»I ARB AS F0I>LOWSt 

1. A process for recovering metal Talues from a 
metal aulphide ore or concentrate, the process including 

5 the steps of leaching in a first leaching stage, a metal 
sulphide ore or concentrate in sulphuric acid at 
atmospheric pressure and elevated ten^rature in the 
presence of ferric ions whilst sparging with 03^en 
containing gas to produce a first leachate and a first 

10 residue, separating the first leachate from the first 

residue, leaching the first residue in sulphuric acid at 
atmospheric pressure and elevated temperature in the 
presence of ferric ions whilst sparging with oivgen 
containing gas to produce a second leachate and a second 

15 residue, separating the second leachate from the second 
residue, recycling the second leachate to the first stage 
and recovering metal values from the first leachate. 

2. A process according to claim 1 wherein the second 
leachate contains sulphuric acid at a oonoeatratiom in a 

20 range from 10 to 50 grams per litre. 

3. A process according to claim 3 wherein the second 
stage leachate contains sulfuric acid at a concentration in 
a range from 10 to 35 grams per litre. 

4. A process according to any one of claims 1 to 3 
25 wherein the first leaching stage has a residence time from 

0.5 to 24 hours and the second leaching stage has a 
residence time frcn 4 to 36 hours. 

5. A process according to claim 4 wherein the 
residence time of the first leaching stage lies in a range 

30 from 1 to 4 hours and the second leaching stage has a 
residence time in a range from 1 to 24 hours. 

6. A process according to any one of claims 1 to 5 
wherein the second leachate has a ferric ion concentration 
in a range from 1 to 50 grams per litre and a ferrous ion 

35 concentration in a range from 5 to 50 grams per litre* 

7. A process according to claim 6 wherein the second 
leachate has a ferrio ion concentration in a range from 10 
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to 25 grvns per litre and a ferrous loa concentration in a 
range from 10 to 35 gravis per litre. 

8. A process according to any one of claims 1 to 7 

wherein the metal sulphide is zinc sulphide and tha first 
5 leachate contains 

Fe'* 0-30 g/L 

Pe'* 5-50 g/L 

H3SO4 0 - 30 g/L 

2n'* 50 - 160 g/L 

10 9. A process according to claim 8 wherein the first 

leachate contains: 

Pe** 0 - 10 g/L 

Fe'* 5-30 g/L 

K2SO4 0 -20 g/L 

15 Zn'* 120 - 150 g/L 

10. A process according to any one of claims 1 to 9 
wherein the process includes a first leachate treatment 
step of injecting an osygen containing gas into the first 
leachate at elevated temperature at a PH35 in a range from 

20 2.5 to 5.5 to precipitate lopuritieB such as iron, arsenic 
and antimony and separating a third leachate from the 
precipitate. 

11. A process according to claim 10 wherein the first 
leachate treatment step is performed at a temperature in a 

25 range from SS^'C to 95°C. 

12. A process according to claim 11 wherein the 
tenperature lies in a range from GO^'C to 90°C. 

13. A process according to any one of claims 10 to 12 
vdierein the pHas is maintained in a range from 3 to 5. 

30 14. A process according to any one of claims 10 to 13 

wherein the pH is adjusted by addition of limestone or 
lime. 

15. A process according to any one of claims 10 to 14 

wherein the metal sulphide is sine sulphide and the process 
35 includes taking the third leachate and subjecting it to a 
second treatment step of adding zinc dust to the third 
leachate to remove other impurities by cementation to 
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produce a pari fled leachate and elect roirinaing sine from 
the purified leachate. 

16. A process according to claia 15 wherein the sine 

dust is activated vith antiiDoay or arsenic compounds. 
5 17. A process according to olaia 15 or claim 16 

wherein the second treatxoent step is performed at a 
temperature in a range froa 60°C to SO'^C. 
18. A process according to claim 17 wherein the 

tenqperature lies in a range froa 8 0*^0 to 85^C. 
10 19. A process for recovering zinc values from an ore 

or concentrate substantially as hereinbefore described with 
reference to any one of the eacaisples. 

20. A process for recovering sine values from an ore 

or concentrate substantially as hereinbefore described with 
IS reference to the drawings. 
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